This experiment was carried out to investigate the effect of sodium nitroprusside (SNP) as a nitric oxide (NO) donor compound on postharvest life of a cut rose cultivar (Rosa hybrida 'Utopia'). At laboratory with 21 ± 2ºC temperature, 70% relative humidity, and 12h photoperiod, flowers were treated with SNP (0 (Control = Distilled water), (50 and 100 µMolar) solutions for 24 hours and then were transferred to distilled water and were held in distilled water until the end of the vase life. Soluble protein content, solution uptake rate, relative fresh weight, total chlorophyll (a+b) content, and vase life of flowers were determined. Results showed that flowers treated with 50 µMolar SNP had more soluble protein content compared to control. SNP (50 µMolar) application increased solution uptake rate of flower stems. Also flowers treated with 50 µMolar SNP had more relative fresh weight compared to control significantly. SNP (50 µMolar) increased vase life of cut rose 'Utopia' from 11 days (control) to 13.3 days.
Introduction
Short vase life and postharvest senescence are major problems of cut flowers export and trade. Recently various chemicals have been used to extend the postharvest life of cut flowers. These chemicals are effective on various ways. Preservative solutions are used to lengthen the vase life of cut roses. Some of these compounds slowdown physiological processes, thus delaying senescence, while others reduce transpiration, diminish bacterial growth, and enhance water uptake (Särkkä, 2005) . One of the major reasons of short vase life of cut flowers is water stress. Water stress induces premature senescence, bent neck, and wilting (Halvey & Mayak, 1979) . Protein content of petals reduces during the senescence of cut flowers (Gulzar et al., 2005; Halvey & Mayak, 1979) . It occurs due to less protein production and more protein degradation. Soluble proteins decrease during flower opening and senescence (Gulzar et al., 2005) . Protein is one of the secondary respiration precursors. Depletion of essential precursors induces flower senescence (Halvey & Mayak, 1981) . Yellowing of the leaves is one of the senescence signs in cut flowers. The onset of yellowing is associated with chlorophyll breakdown (Ferrante et al., 2002) . During the senescence process chlorophylase causes to a and b chlorophylls break down. Ethylene has a very important role on postharvest life of some cut flowers by accelerating the senescence and decreasing the vase life (Finger et al., 1999; Hashemabadi & Gholampour, 2006; Ichimura et al., 2002; Jones et al., 2001; Mayers et al., 1997; Serek et al., 2006) . Silver thiosulfate (STS) is an anti ethylene compound that suppresses endogenous ethylene production . Commercial use of STS has been limited because of concerns have been raised over the use of silver as it is a heavy metal salt and environmental toxin and many countries are actively working towards its elimination from commercial use .
Nitric oxide (NO) is a chemical that has been used to extend postharvest life of horticultural products especially cut flowers in recent years. It seems that NO can be a novel substitute for some other toxic chemicals like STS in postharvest technology. NO is a gaseous and highly unstable free radical. It is one of the smallest diatomic molecules with a high diffusivity (4.8 × 10 -5 cm 2 s -1 in H 2 O) exhibiting hydrophobic properties (Thomas et al., 2008) . NO not only easily migrates in the hydrophilic regions of the cell such as cytoplasm, but also freely diffuses through the lipid phase of membranes (Arasimowicz & Floryszak-Wieczorek, 2007) . NO is a widespread signaling molecule in mammals (Del Rio et al., 2004) . The NO emission from plants has been known recently. Nitric oxide is synthesized by nitric oxide synthase, nitrate redoctase and non-enzymatic sources in plants (Crawford, 2006; Steven et al., 2003) . No is a bioactive molecule that exerts a number of diverse signal functions (Tongfei et al., 2011) . This multifunctional plant signal molecule plays role in diverse plant processes including senescence Del Rio et al., 2004; Rudell & Matheis, 2006; Sankhla et al., 2005) , stomatal closure and aperture Cevahir et al., 2007; Garcia & Lamattina, 2003; Rudell & Matheis, 2006) , chlorophyll production and anthocyanin biosynthesis , plant growth and development Del Rio et al., 2004) , plant defense signal against pathogen infection (Del Rio et al., 2004; Rudell & Matheis, 2006) , plant death, regulation of ion channels of guard cells, mitochondrial and chloroplastic functionality (Del Rio et al., 2004) , seed germination Rudell & Matheis, 2006; Cevahir et al., 2007) , hypocotyl elongation, xylem differentiation (Rudell & Matheis, 2006) , root development Rudell & Matheis, 2006) , regulation of photosynthesis and fruit ripening (Rudell & Matheis, 2006) . NO has some interactions with phytohormones. The interaction between NO and ethylene during the maturation and senescence of plant tissues suggested an antagonistic action of two gases (Del Rio et al., 2004) . It was postulated that ethylene production in growing plants may be regulated by NO. NO inhibits ethylene action and synthesis in higher plants (Leshem & Wills, 1998) . It has been suggested that NO acts as a natural senescence delaying plant growth regulator primarily by down regulating of ethylene production (Sankhla et al., 2005) . NO free radical, decreases ethylene biosynthesis by oxidative inactivating of ACC synthase (ACS) and ACC oxidase (ACO) co-factors and extends longevity of cut flowers (Leshem & Wills, 1998) . NO could be a novel means of postharvest control to maximize shelf life of fruits, vegetables and flowers. In recent years, many research reports have shown that NO at a low concentration can effectively extend postharvest life of various fruits (Tongfei et al., 2011) . The NO effect may be either due to the effect of NO on ethylene production or may represent an action of NO that is independent of ethylene metabolism (Sankhla et al., 2003) . NO is applied as fumigation and NO donor compounds to extend the postharvest life of cut flowers (Sankhla et al., 2003; Wills et al., 2003) . Fumigation with gaseous NO has been shown effective to extend the postharvest life of a variety of flowers, fruits and vegetables when applied as a short term treatment Soegiarto et al., 2003; Wills et al., 2003) . NO fumigation for 2 hours extended postharvest life of mushroom and geraldton wax flower more than 50% and lemon more than 100% . Also fumigation with NO (10 µLL -1 ) for 2 hours increased postharvest life of strawberries (Wills et al., 2000) . However the gaseous nature of this compound is a barrier to its commercial usage . NO donors are solid compounds that store NO chemically but allow it to be regenerated under appropriate physical conditions . There are some NO donor compounds that used for elongation of postharvest life of horticultural productions specially cut flowers like DETA/NO (2,2-(Hydroxynitrosohydrazino)-bisethanamine), SNAP (S-Nitros-N-acetylpenicilamine), PBN (N-Butil-΄-phenil nitrone), Sin-1 (3-mopholinosil-nonomine), and Sodium nitroprusside (Leshem & Wills, 1998; Wills et al., 2004) . Sodium nitroprusside (SNP) is the most common compound among NO donor compounds (Steven et al., 2003) . Nitroprusside is an anion that is available as a sodium dehydrate salt Na 2 [Fe(CN) 5 NO]H 2 O. This red solid compound is water soluble and less alcohol soluble (Butler & Megson, 2002) . There are some reports about positive effect of NO donor application on cut flowers. DETA/NO (10 mgL -1 ) increased vase life of gerbera 200%, tulip and iris 50%, snapdragon, delphinium and oriental lily 40%, rose 20% and chrysanthemum 10% . Also DETA/NO (10 mg/L) extended carnation (White Sim cultivar) postharvest life about 50% . This chemical (10,100,1000 ppm) increased postharvest life of some flowers like ptilotus (40%), kangaroo paw (34%), and waratah (22%) . SNP has been used in some experiments to extend the postharvest life of cut flowers. The positive effect of SNP on postharvest life of cut lupine flowers has been reported previously (Sankhla et al., 2005) . In another experiment SNP (50 and 100 μMolar) extended vase life of carnation cut flowers (Mostofi et al., 2010 ).
There is not any report about the application of SNP on cut roses. Rose is the most important cut flower in the world and it is necessary to find a substitute chemical for STS and other environmental toxin compounds to extend the postharvest life of roses.
Material and Methods
Cut rose flowers (Rosa hybrida cv.Utopia) were obtained from a commercial greenhouse in Yazd, Iran. Flowers were harvested in the morning and were transported to laboratory in Tehran by plane immediately. Flower stem ends were recut under water to remove air emboli and to prevent vascular blockage. All flower stems were in the same length of 45 cm after recutting. Flowers were treated on the basis of factorial design with three factors and four replications. The least significant difference (LSD at P=0.01) was used to compare differences between means.
SNP was used as a NO donor compound. This red solid compound was dissolved in distilled water in concentrations of 50 and 100 µMolar (µM). Distilled water was used as control treatment (0 µMolar). The solution was applied immediately because of its short Half-life. Four stems were placed in each 500 mL flask. Flask heads and the gaps around the stems were sealed by foil and pliable putty to prevent contact between NO gas escaping from the solution and the flower heads. Also, whole outer surface of flasks were covered by foil. Flowers were held in solutions at laboratory for 24h to permit compound uptake by stems. After this period, flower stems were transferred to distilled water and were held in distilled water until the end of vase life. At the experimental period, the temperature was 21±2ºC, relative humidity was about 70%, and a 12 h photoperiod was maintained using fluorescent lamps. Vase life was recorded as the number of days after harvest that flowers reached the end of their longevity due to bent neck or advanced signs of fading on all petals (Liao et al., 2000; Chamani et al., 2005) . Solution uptake rate was determined as the ratio of absorbed solution by flower and primary fresh weight of the flower stem. Relative fresh weight of stems was calculated as a ratio of stems fresh weight on each evaluation and their primary fresh weight that have been represented in percentage. . The soluble protein concentration was evaluated by Bradford method. For protein extraction 0.1 g petal specimens were used. All of the extraction process was done in an ice container to prevent protein degradation. Tris-HCl buffer was used for protein extraction. After centrifuging of protein extracts, supernatants were separated and pipetted to test tubes. The buffer (Tris-HCl) and protein reagent (Coomassie Brilliant Blue G-250) were added to the test tubes. The absorbance at 595 nm was measured after 2 minutes by spectrophotometer (Bradford, 1976) . For total chlorophyll (a+b) content determination 0.5 g leaf specimens were used. Acetone (80%) was used for chlorophyll extraction. After centrifuging the extracts, the absorbance were determined in two wave lengths 645 and 663 nm by spectrophotometer to calculate total chlorophyll content of leaves (Mostofi et al., 2010) .
Results and Discussion
Cut rose flowers 'Utopia' treated with 50 and 100 µMolar SNP had more soluble protein content compare to control on 10 th day. 100 µMolar SNP treatment had not significant superiority to control at last evaluation. On the other hand, SNP (50 µMolar) treatment showed more soluble protein content than control and SNP (100 µMolar) on 13 th day (Figure 1) . In a previous experiment application of DETA/NO (10 mmol) as a NO donor compound did not have any effect on soluble protein content of cut rose 'First red' (Chamani, 2005) . Ineffectiveness of SNP (100 µMolar) on soluble protein content is due to the high concentration of this solution, because the effect of NO vary depend on its concentration and in many cut flowers and even in fruits low concentrations were more beneficial to extend postharvest life of the product (Sankhla et al., 2005; Wills et al., 2004; Wills et al., 2003) . The rate of solution uptake was measured during the experimental period immediately following the 24 hr SNP treatment. In all treatment levels solution uptake by flower stems increased at the 3 rd day and then diminished until the end of experiments. From the 9 th day until the end of evaluations flowers treated with SNP (50 µMolar) showed more solution uptake compare to control and SNP (100 µMolar). There were no significant differences among flowers held in distilled water (control) and SNP (100 µMolar) solution (Figure 2 ). There are some reports about ineffectiveness of NO donors on solution uptake rate. Results of a similar study showed that DETA/NO (10, 100 and 1000 ppm) application did not have significant effect on solution uptake of seven species of native Australian cut flowers such as grevillea, geraldton wax, isopogon, kangaroo paw, waratah, backhousia, and ptilotus. The absence of measurable differences in solution uptake rates in SNP (100 µMolar) and control suggests it may be a stress induced response that is countered through nitric oxide metabolism as found in other plant tissues Corpas et al., 2001; Garcia & Lamattina, 2003) . SNP (50 µMolar) treated flowers had significant more relative fresh weight compare to control from 7 th day until the last evaluation. Also at two last evaluations SNP (50 µMolar) showed more relative fresh weight than SNP (100 µMolar). The difference between control and SNP (100 µMolar) was significant at 13 th day (Table 1) . The positive effect of NO on relative fresh weight had been shown in other experiment by application of DETA/NO on cut rose 'First Red' (Chamani, 2005) . Higher values of relative fresh weight in SNP (50 µMolar) treated flowers compared to control is related to effect of this compound on stomata closure and depletion of transpiration rate and water loss. Role of NO in regulation of ion channels of guard cells (Serek & Reid, 1997) and stomata aperture and closure were demonstrated previously Cevahir et al., 2007; Garcia & Lamattina, 2003; Rudell & Matheis, 2006) . Application of NO donors decrease opening of stomas and transpiration (Garello et al., 1995) . On the other hand, more solution uptake by SNP (50 µMolar) treated flowers caused to raise the fresh weight of flowers. Values are the means of 4 replicates. Least significant difference was used for data analyzing. Superscript letters are represented significant differences (at P=0.01). Same letters in each day show that there are not significant differences among treatment levels.
One of NO roles in plants is chlorophyll production . Internal NO has positive effect on chlorophyll content of leaves. NO increased chlorophyll content of guard cells in pea leaves (Leshem & Wills, 1998) . Spraying of wheat seedlings with SNP resulted in 30-40% more chlorophyll content (Beligni & Lamattina, 2000) .
In this experiment total chlorophyll content (chlorophyll a+b) did not show significant differences among treatment levels ( Figure 3 ). It means that SNP application could not keep the total chlorophyll content. In phlox flowers at high SNP concentrations (> 50 µM) the leaves became either yellow or more frequently turned black and senesced (Sankhla et al., 2003) . SNP application was not effective on chlorophyll content of carnation (Dianthus caryophyllus 'Nelson') leaves when was applied alone (Mostofi et al., 2010) . Values are the means of 4 replicates. Least significant difference (LSD P=0.01) was used to compare differences between means. Same letters in each day show that there are not significant differences among treatment levels.
Depending on the concentration, NO donors exhibited differential response to No donors which ranged from almost no effect or a slight inhibition to a distinct promotion of flower senescence (Sankhla et al., 2003) .
SNP (50 µMolar) increased vase life of cut roses compared to control significantly (from 11 days to 13.3 days), whereas difference among vase life of control and SNP (100 µMolar) treated flowers was not significant (Table 2) . On the other hand, vase life of flowers which had been treated with two different concentrations of SNP was not significant. SNP (100 µMolar) did not show any effect on senescence of lupin 'Pink Bulk' flowers (Sankhla et al., 2003) . In another investigation DETA/NO had increased the vase life of eight flower species such as gerbera, tulip, iris, snapdragon, delphinium, oriental lily, rose and chrysanthemum . SNP concentrations Vol. 4, No. 12; less than 50 µMolar resulted in retarding the senescence of lupine (Lupinus densiflorus) flowers (Sankhla et al., 2005) . Values are the means of 4 replicates. Least significant difference was used for data analyzing. Superscript letters are represented significant differences (at P=0.01). Same letters show that there are not significant differences among treatment levels.
Application of DETA/NO (10 mgL -1 ) increased vase life of cut carnation (Dianthus caryophyllus 'White Sim' ) by 50% . Also, DETA/NO (10,100, and 1000 ppm) increased postharvest life of three native Australian cut flowers such as waratah, kangaroo paw and ptilotus . Presence of nitric oxide free radical, suppresses ethylene biosynthesis by oxidative inactivating of ACC synthase (ACS) and ACC oxidase (ACO) co-factors and extends longevity of cut flowers (Leshem & Wills, 1998; Mostofi et al., 2010) . SNP (50 µMolar) application as a NO donor compound resulted in keeping the relative fresh weight of flower stems by diminishing the rate of transpiration and slow down the water loss due to the stoma closure (Steven et al., 2003) and also by more solution uptake. SNP (50 µMolar) as a NO donor compound kept soluble protein content of petals and retarded flower senescence. It has been proved that depletion of respiration precursors like proteins induces flower senescence (Halvey & Mayak, 1981) . In this work SNP (50 µMolar) application could extend vase life of cut roses, but SNP (100 µMolar) treated flowers did not have more vase life than control. It would appear that the beneficial or detrimental effects of NO donors may depend on concentration, and sensitivity of genotypes. High concentrations of NO may cause toxicity mainly due to its reaction with superoxide anion (Sankhla et al., 2003) . On the other hand, application of NO in low concentrations as fumigation or NO donors is useful to increase postharvest life of cut flowers and other horticultural produces (Sankhla et al., 2005; Wills et al., 2004; Wills et al., 2003) . It seems that the multiple modes of action of NO are suggestive of its wider modality than just on ethylene action (Sankhla et al., 2003) . As a solid that dissolves in water and with effectiveness from a single initial application at a relatively low concentration, also because of its low price, SNP could be introduce to apply in cut flower trading to extend vase life of flowers. Further work is required to assess the mechanism of SNP effects on postharvest life of other cut rose flower cultivars.
